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(54) REACTIVE POWER CONTROL METHOD, DEVICE AND SYSTEM

(57) Provided are a reactive power control method,
a reactive power control device and a reactive power
control system. The device includes: a communication
interface (201), configured to receive a reactive power
requirement command; an input interface (202), config-
ured to acquire an electrical quantity parameter of a pre-
set control point; a strategy calculation module (203),
configured to calculate a target reactive power value
meeting the reactive power requirement command

based on the electrical quantity parameter, and allocate
reactive power to be provided by a regulatable reactive
device based on the target reactive power value; and an
output interface (204), configured to send a command
for providing the allocated reactive power to the regulat-
able reactive device. Multiple types of coordinated control
are achieved, power loss is reduced and power genera-
tion benefit is increased.
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Description

FIELD

[0001] The present disclosure relates to the technical
field of reactive power control, and in particular to a re-
active power control method, a reactive power control
device and a reactive power control system.

BACKGROUND

[0002] Currently, new energy such as wind power gen-
eration and photovoltaic power generation is developed
in a large scale and centralized manner in most regions
of our country. Generally, a large-scaled new energy de-
velopment region is arranged with dozens of new energy
sites, with a single new energy site having a large in-
stalled capacity. A large-scaled new energy grid-connec-
tion brings an extreme challenge to the operation of an
electrical grid due to an inherent intermittent feature of
new energy generation. In addition, since a local load
and a conventional power support are generally lacked
in the new energy grid-connection region, electric energy
generated with the new energy needs to be provided to
a load center via a long distance. In this case, a change
in the new energy output in an electric-provided channel
is seriously affected by a reactive power wave. A high
proportion of the new energy affects a voltage support
capability of the electrical grid, a large fluctuation in the
output causes difficulties in adjusting the voltage of the
electrical grid, and voltage issues in local regions are
particularly apparent.
[0003] In an existing new energy site, reactive power
is generally controlled by a regulatable reactive device.
However, existing Static Var Compensators (SVCs) and
Static Var Generators (SVGs) have uneven performanc-
es and different control modes. For example, some of
the above SVCs and SVGs take a reactive zero cut at a
high-voltage side bus of a new energy voltage boost site
as a target, and controls based on fixed reactive power.
Some of the above SVCs and SVGs take a high-voltage
side bus or a low-voltage side bus of the voltage boost
site as a target and controls based on a fixed voltage.
Moreover, most of new energy apparatuses having re-
active power regulation capabilities are not utilized effec-
tively. In this case, a reactive power regulation margin of
the new energy site is failed to play its due system voltage
control capability.
[0004] Besides, a centralized reactive power compen-
sation device in a wind power generation site generally
can only control a reactive power output of itself, without
controlling other reactive devices in the site such as a
wind power generator or a main transformer tap. The
reactive power compensation device of a generator set
in the wind power generation site has a high self power
consumption which generally exceeds 1.5% of the ca-
pacity of itself, hence has a high utilization cost. In addi-
tion, the centralized reactive power compensation device

in the wind power generation site needs an occupation
area more than 50 square meters, a corresponding de-
vice installation room, a design of heat dissipation system
and the like, needs an electric power once connection
and an electric power secondary connection, thereby
having high consumption in construction cost, land ac-
quisition cost and project cost.

SUMMARY

[0005] In view of the above one or more problems, a
reactive power control method, a reactive power control
device and a reactive power control system are provided
according to embodiments of the present disclosure.
[0006] A reactive power control device is provided ac-
cording to a first aspect. The device includes:

a communication interface, configured to receive a
reactive power requirement command;

an input interface, configured to acquire an electrical
quantity parameter of a preset control point;

a strategy calculation module, configured to calcu-
late a target reactive power value meeting the reac-
tive power requirement command based on the elec-
trical quantity parameter, and allocate reactive pow-
er to be provided by a regulatable reactive device
based on the target reactive power value; and

an output interface, configured to send a command
for providing the allocated reactive power to the reg-
ulatable reactive device.

[0007] A reactive power control system is provided ac-
cording to a second aspect. The system includes:

at least one wind power generator set arranged on
an aggregate line;

the above control device connected to the at least
one wind power generator set via a communication
line;

a reactive power compensation device communica-
tively connected to the at least one wind power gen-
erator set and the control device; and

a data acquisition device, configured to acquire an
electrical quantity parameter of a preset control point
and connected to the control device via a communi-
cation line.

[0008] A reactive power control method is provided ac-
cording to a third aspect. The method includes:

receiving a reactive power requirement command
and acquiring a reactive power command value M1
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based on the reactive power requirement command;

acquiring an electrical quantity parameter of a preset
control point and calculating a reactive power calcu-
lated value M2 of the preset control point based on
the electrical quantity parameter;

calculating a difference ΔM between the reactive
power command value M1 and the reactive power
calculated value M2;

obtaining a target reactive power value based on the
difference ΔM;

comparing the difference ΔM with a preset dead
band value;

generating a reactive power allocation strategy
based on the comparison result and the target reac-
tive power value, where the reactive power allocation
strategy is used for calculating a reactive power ca-
pability value of a regulatable reactive device in a
wind power generation site and allocating reactive
power to be provided by the regulatable reactive de-
vice; and

based on the reactive power allocation strategy,
sending, to the regulatable reactive device, a com-
mand for indicating the regulatable reactive device
to generate the allocated reactive power.

[0009] It should be noted that, the reactive power con-
trol method, reactive power control device and reactive
power control system may be not only widely applied in
the wind power generation site, but also other new energy
sites such as a photovoltaic power plant.
[0010] In the embodiments of the present disclosure,
the target reactive power value meeting the reactive pow-
er requirement command is calculated by acquiring the
electrical quantity parameter of the preset control point.
The reactive power to be provided by the regulatable
reactive device is allocated based on the target reactive
power value. The regulation capability of the regulatable
reactive device in the wind power generation site can be
fully and effectively utilized via the information interaction
between the control device and the regulatable reactive
device, thereby reducing the power losses and increas-
ing the power generation benefits.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The drawings to be used in the description of
the embodiments will be described briefly as follows, so
that the technical solutions according to the embodi-
ments of the present disclosure will become clearer. It is
apparent that the drawings in the following description
only illustrate some embodiments of the present disclo-
sure. For those skilled in the art, other drawings may be

obtained according to these drawings without any crea-
tive work.

Figure 1 is a schematic diagram of a topology struc-
ture of a control system which can be applied in an
embodiment of the present disclosure;

Figure 2 is a schematic structural diagram of a reac-
tive power control device according to an embodi-
ment of the present disclosure;

Figure 3 is a schematic diagram of arrangement of
control points for a wind power generation site ac-
cording to an embodiment of the present disclosure;

Figure 4 is a schematic structural diagram of a reac-
tive power control device according to one or more
embodiments of the present disclosure;

Figure 5 is a schematic flowchart of a reactive power
control method according to an embodiment of the
present disclosure; and

Figure 6 is a schematic flowchart of a reactive power
control method according to another embodiment of
the present disclosure.

DETAILED DESCRIPTION OF EMBODIMENTS

[0012] In order to make the objects, technical solutions
and advantages of the embodiments of the present dis-
closure clearer, the technical solutions according to the
embodiments of the present disclosure will be described
clearly and completely as follows in conjunction with the
drawings. It is apparent that the described embodiments
are only a few rather than all of the embodiments accord-
ing to the present disclosure. Any other embodiments
obtained by those skilled in the art based on the embod-
iments in the present disclosure without any creative
work fall in the protection scope of the present disclosure.
[0013] It should be noted that, the embodiments of the
present application and the features in the embodiments
may be combined with one another as long as there is
no conflict. The present application is described below
in detail in conjunction with the drawings and embodi-
ments.
[0014] It should be noted that, a reactive power control
method, a reactive power control device and a reactive
power control system according to the embodiments of
the present disclosure may be not only widely applied in
a wind power generation site, but also other new energy
sites such as a photovoltaic power plant. For simplicity,
it is described below in detail only by taking the wind
power generation site as an example. Control methods
for other new energy sites are similar to the control prin-
ciple of the wind power generation site, and are not de-
scribed.
[0015] Figure 1 is a schematic diagram of a topology
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structure of a control system which can be applied in an
embodiment of the present disclosure.
[0016] As shown in Figure 1, the topology structure
may include: an Automatic Voltage Control (AVC) control
system 101 arranged in a power grid company, a tele-
mechanical device 102 and a Voltage/Var Management
Platform (VMP) workstation 103 arranged in a wind pow-
er generation site, a VMP management device 104, wind
power generators 105 and 106, a reactive power com-
pensation device 107 and an acquirer 108.
[0017] The AVC server 101 may be configured to issue
a scheduling command to achieve a power grid sched-
uling function. The telemechanical device 102 may be a
device completing functions including telemetry, remote
signaling, remote control, remote adjustment and the like.
The VMP workstation 103 may analyze, calculate and
manage the acquired data. The wind power generators
105 and 106 may perform a wind power generation or a
power adjustment by using wind energy. The reactive
power compensation device 107 may be a photovoltaic
inverter, a capacitor, a Static Var Compensator SVC, a
Static Var Generator SVG and the like. The acquirer 108
may be a Potential Transformer (PT) and a Current
Transformer (CT) which may acquire a PT signal and a
CT signal.
[0018] The VMP management device 104 may interact
information with the VMP workstation 103, the wind pow-
er generators 105 and 106, the reactive power compen-
sation device 107, the acquirer 108 and the AVC server
101. For example, the VMP management device 104
may perform bidirectional information interactions with
an on-load-tap of a main transformer of a voltage boost
site and the regulatable reactive device such as the wind
power generators 105 and 106 and the reactive power
compensation device 107. The VMP management de-
vice 104 may achieve the above information interactions
by being installed with a VMP system. The VMP system
may provide multiple communication protocols for differ-
ent scheduling architectures.
[0019] A first implementation of a communication be-
tween the VMP management device 104 and the AVC
server 101 may be that the communication between the
VMP management device 104 and the AVC server 101
is forwarded by the telemechanical device 102. The VMP
system may provide a Modbus TCP/RTU protocol, com-
municate with the telemechanical device 102 of the wind
power generating site, accept a control command sched-
uled by the AVC server 101 and upload corresponding
data. The VMP management device 104 may upload te-
lemetry data and remote signaling data required by the
scheduling, to the telemechanical device 102 according
to the Modbus TCP/RTU protocol. The telemechanical
device 102 may forward the telemetry data and remote
signaling data required by the scheduling, to the AVC
server 101 according to the IEC104 protocol. In addition,
the telemechanical device 102 may receive a remote ad-
justment command issued by the AVC server 101, and
forward the remote adjustment command to the VMP

management device 104.
[0020] Moreover, a second implementation of the com-
munication between the VMP management device 104
and the AVC server 101 may be described as below. The
VMP management device 104 may directly communicate
with and control the AVC server 101 according to the
IEC104 protocol. The VMP management device 104 may
directly upload the telemetry data and remote signaling
data required by the scheduling, to the AVC server 101
according to the IEC104 protocol. The AVC server 101
may issue a remote adjustment command to the VMP
management device 104 according to the IEC 104 pro-
tocol.
[0021] The VMP management device 104 may further
analyze, calculate and manage the acquired data, to con-
trol and manage reactive power, which is described here-
inafter. It should be understood that, Figure 1 may further
include an auxiliary network communication device such
as a router, a wired communication link, a wireless com-
munication link, an optical fiber cable or the like. In ad-
dition, the numbers of the devices in Figure 1, such as
the server and wind power generator, are only illustrative,
and may be flexibly adjusted according to actual require-
ments.
[0022] The topology structure may be applied in the
following embodiments. For simplicity, contents of the
embodiments may be referred to one another.
[0023] Figure 2 is a schematic structural diagram of a
reactive power control device according to an embodi-
ment of the present disclosure.
[0024] A reactive power control device 200 according
to the embodiments may be applied to the scenario de-
scribed in Figure 1. The control device 200 may be the
VMP management device 104 in Figure 1.
[0025] As shown in Figure 2, the reactive power control
device 200 may include a communication interface 201,
an input interface 202, a strategy calculation module 203
and an output interface 204. The communication inter-
face 201 may be configured to receive a reactive power
requirement command. The input interface 202 may be
configured to acquire an electrical quantity parameter of
a preset control point. The strategy calculation module
203 may calculate a target reactive power value meeting
the reactive power requirement command based on the
electrical quantity parameter, and allocate reactive pow-
er to be provided by a regulatable reactive device based
on the target reactive power value. The output interface
204 may send a command for providing the allocated
reactive power to the regulatable reactive device.
[0026] In the embodiment, the electrical quantity pa-
rameter may include a current parameter and a voltage
parameter of the preset control point (selection of the
preset control point is described in an embodiment ac-
cording to Figure 3). The electrical quantity parameter
may be acquired by the acquirer 108 in Figure 1. Then,
the acquired electrical quantity parameter is acquired
with the input interface 202. In addition, an acquisition
element may be further integrated in the reactive power
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control device 200, to directly acquire the electrical quan-
tity parameter. For example, a PT signal and a CT signal
of the preset control point may be respectively acquired
by using the PT and CT. It can be understood that, the
PT and CT may be arranged around the control point
instead of being arranged at the control point. In this case,
the acquired electrical quantity parameter may be con-
sidered as a parameter of the control point.
[0027] In some embodiments, the electrical quantity
parameter of the preset control point may be acquired in
a hard-wired way. Therefore, by directly acquiring the
electrical quantity parameter of the preset control point
in the hard-wired way, it can be ensured that the acquired
data is accurate and has a small time delay, thereby en-
suring the accuracy and reliability of the reactive power
control.
[0028] In some embodiments, the regulatable reactive
device includes a wind power generator set and a reac-
tive power compensation device. The reactive power
compensation device may include at least one of the fol-
lowing devices in a new energy site: an inverter, a ca-
pacitor, a static var compensator SVC and a static var
generator SVG.
[0029] In some embodiments, the control device 200
may have a local control manner and a remote control
manner, and may provide at least one of a voltage control
mode, a reactive power control mode and a power factor
control mode.
[0030] Figure 3 is a schematic diagram of arrangement
of control points for a wind power generation site accord-
ing to an embodiment of the present disclosure.
[0031] As shown in Figure 3, the wind power genera-
tion site includes a high-voltage side bus, a low-voltage
side bus, CTs 301, 304, 308 and 311, PTs 302, 305, 309
and 312, main transformers 303 and 310, wind power
generator sets 306 and 313, and SVCs 307 and 314. The
wind power generator sets 306 and 313 are connected
to the low-voltage side bus via an aggregate line (not
shown in the drawing), and the low-voltage side bus is
connected to the high-voltage side bus via the main trans-
former 303 or 310. The CT 301 is arranged between the
high-voltage side bus and the main transformer 303, the
CT 304 is arranged between the low-voltage side bus
and the main transformer 303, the CT 308 is arranged
between the high-voltage side bus and the main trans-
former 310, and the CT 311 is arranged between the low-
voltage side bus and the main transformer 310. The PT
302 and PT 309 are arranged on the high-voltage side
bus, and the PT 305 and the PT 312 are arranged on the
low-voltage side bus.
[0032] A control point 1 may be arranged at an interface
point between the main transformer 303 and the high-
voltage side bus, a control point 2 may be arranged at
an interface point between the main transformer 310 and
the high-voltage side bus, a control point 3 may be ar-
ranged at an interface point between the main transform-
er 303 and the low-voltage side bus, and a control point
4 may be arranged at an interface point between the main

transformer 310 and the low-voltage side bus.
[0033] The control points may be selected based on a
current control manner. In the local control manner, the
preset control point may be selected from the control
points 3 and 4. In the remote control manner, the preset
control point may be selected from the control points 1
and 2.
[0034] Figure 4 is a schematic structural diagram of a
reactive power control device according to one or more
embodiments of the present disclosure.
[0035] As shown in Figure 4, the reactive power control
device 200 may include a communication interface 201,
an input interface 202, a strategy calculation module 203,
an output interface 204, a control mode module 205, a
voltage control module 206, a reactive power control
module 207, a power factor control module 208, a safety
limit control module 209 and a monitoring module 210.
[0036] In a first embodiment in Figure 4, the safety limit
control module 209 may be added based on the embod-
iment corresponding to Figure 2. The safety limit control
module 209 may be configured to set a safety constraint
condition for voltage control and send a safety control
command to the strategy calculation module 203. The
safety control command is used for instructing the strat-
egy calculation module to make the safety constraint con-
dition be met in allocating the reactive power.
[0037] The safety constraint condition includes at least
one of: a voltage limit constraint of the preset control
point; a voltage abrupt change amount constraint of the
preset control point; a terminal voltage constraint of the
wind power generator set; a maximum reactive power
capability and available reactive power capability con-
straint of the wind power generator set; a temperature
constraint of a converter of the wind power generator set;
and a maximum reactive power compensation capability
constraint of the reactive power compensation device.
[0038] In a second embodiment in Figure 4, the control
mode module 205 may be added based on the embod-
iment corresponding to Figure 2. The control mode mod-
ule 205 may be configured to provide at least one of a
voltage control mode, a reactive power control mode and
a power factor control mode, in the local control manner
or remote control manner.
[0039] In a third embodiment in Figure 4, the voltage
control module 206 may be added based on the second
embodiment in Figure 4. The voltage control module 206
is configured to select a voltage control mode. In the em-
bodiment, the communication interface 201 is further
configured to receive a voltage requirement command
under the voltage control mode, and the input interface
202 is further configured to acquire a voltage parameter
of the preset control point under the voltage control mode.
[0040] In a fourth embodiment in Figure 4, the reactive
power control module 207 may be added based on the
second embodiment in Figure 4. The reactive power con-
trol module 207 is configured to select the reactive power
control mode. In the embodiment, the communication in-
terface 201 is further configured to receive a reactive

7 8 



EP 3 376 625 A1

6

5

10

15

20

25

30

35

40

45

50

55

power requirement command under the reactive power
control mode, and the input interface 202 is further con-
figured to acquire a reactive power parameter of the pre-
set control point under the reactive power control mode.
[0041] In a fifth embodiment in Figure 4, the power fac-
tor control module 208 may be added based on the sec-
ond embodiment in Figure 4. The power factor control
module 208 is configured to select the power factor con-
trol mode. In the embodiment, the communication inter-
face 201 is further configured to receive a power factor
requirement command under the power factor control
mode, and the input interface 202 is further configured
to acquire a power factor parameter of the preset control
point under the power factor control mode.
[0042] In a sixth embodiment in Figure 4, the monitor-
ing module 210 may be added based on the embodiment
corresponding to Figure 2. The monitoring module 210
is configured to acquire, in real time, operation data dur-
ing a reactive power control process, analyze and proc-
ess the operation data acquired in real time and display
the processed data in real time.
[0043] It should be noted that, the monitoring module
210 may be arranged in the reactive power control device
200 or may be arranged separately, for monitoring the
operation of the reactive power control device 200. The
monitoring module 210 may be arranged flexibly as need-
ed, which is not limited herein.
[0044] It should be appreciated by those skilled in the
art that, the modules in the examples described accord-
ing to the embodiments disclosed herein may be imple-
mented as electronic hardware, or combinations of the
electronic hardware and computer software. Whether the
functions realized by these components are implement-
ed as hardware or software depends upon the particular
application and design constraints imposed on the tech-
nical solutions. In the case that the functions are imple-
mented as hardware, the hardware may be, for example,
electrical circuit, application specific integrated circuit
(ASIC), appropriate firmware, plug-in component and
functional card. In the case that the functions are imple-
mented as software, elements of the present disclosure
are programs or code segments for performing required
tasks. The programs or code segments may be stored
in a machine-readable medium or may be transferred
over a transmission medium or communication link via a
data signal carried in a carrier. The "machine-readable
medium" may include any medium which can store or
transmit information. Examples of the machine-readable
medium include an electronic circuit, a semiconductor
memory device, a ROM, a flash memory, an erasable
ROM (EROM), a floppy diskette, a CD-ROM, an optical
disk, a hard disk, a fiber optic medium, a radio frequency
(RF) link, etc. The code segments may be downloaded
via computer networks such as the Internet, Intranet, etc.
Those skilled in the art can implement the described func-
tion in varying ways for each particular application.
[0045] It can be appreciated by those skilled in the art
that, the function modules of the examples described ac-

cording to the embodiments disclosed herein can be im-
plemented as electronic hardware, computer software,
or combinations thereof. To clearly illustrate this inter-
changeability of hardware and software, components for
the examples have been described above generally in
terms of their functions. Whether these functions are im-
plemented as hardware or software depends upon the
particular application and design constraints imposed on
the technical solutions. Those skilled in the art can im-
plement the described function in varying ways for each
particular application.
[0046] The above embodiments may be based on a
concept of decentralized reactive power compensation,
and take PLC as the control module. An industrial server
communicates with a wind power generator of the wind
power generation site and a dynamic reactive power
compensation device of the wind power generation site,
and it is further arranged with switch-in nodes and switch-
out nodes which communicate with and control a fixed
switched capacitor and reactor.
[0047] It should be noted that, the reactive power con-
trol device 200 may be further arranged with an AC/DC
conversion module for converting the acquired voltage
and current, a communication module for information in-
teraction with the wind power generator, the reactive
power compensation device and the like, and a switch-
in and switch-out module for controlling devices such as
the switched capacitor and reactor.
[0048] It can be seen from the above that, in the em-
bodiments of the present disclosure, bi-directional infor-
mation interactions between a regulatable reactive de-
vice, such as wind power generator, photovoltaic device,
scheduling device and SVC/SVG, and on-load-tap of the
main transformer of the voltage boost site may be
achieved with the control device. In this case, VMP can
control more than five hundreds devices, thereby achiev-
ing a high cost performance and a uniform control strat-
egy.
[0049] The device according to the embodiment of the
present disclosure only needs to be connected to a sec-
ondary power support system, has a self-power con-
sumption lower than 1.5kW and occupies an area less
than 0.5 square meters, thereby greatly reducing the con-
struction, area and cost, of the device.
[0050] A monitoring function is added according to the
embodiment of the present disclosure, to remotely oper-
ate the VMP device in real time in a monitoring room to
achieve functions of: issuing a control command; moni-
toring, in real time, real-time data such as high-voltage
side voltage and low-voltage side voltage of the main
transformer, active power and reactive power, a voltage
control real-time curve effect, voltage safety regions of
the high-voltage side bus and low-voltage side bus and
a current location, real-time data of all wind power gen-
erator, photovoltaic device, SVC/SVG and the like, a total
reactive power capability and outputted capacity statis-
tics of the wind power generation site and the photovoltaic
plan; improving an accuracy of a real-time historical voice
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alarm of reactive power control; accurately managing us-
ers; instructing to issue event statistics; and analyzing
failure processing historical data. In this way, require-
ments of the power grid and on-site attendants are met.
[0051] The device according to the embodiment of the
present disclosure can communicate with a main trans-
former tap controller and issue commands to the main
transformer tap controller, without integrating the tap con-
trol logic into a reactive power control logic of the whole
wind power generation site.
[0052] The monitoring software may run on an indus-
trial computer (may also run on the monitoring module
210). A communication protocol for monitoring the infor-
mation interaction may be Modbus TCP and the like. All
operation data sets in the VMP management device 104
may be acquired in real time with the monitoring software,
and these operation data sets are stored in a real-time
historical database. After the real-time data is analyzed
by the monitoring software, a historical trend diagram,
control strategy data, alarm information and the like may
be obtained and then are displayed in real time. The an-
alyzed historical database may be provided to a user for
failure analysis and statistics. In addition, the monitored
data may be processed in other manners as needed, to
meet different application requirements.
[0053] In the embodiment of the present disclosure,
the failure analysis may be performed based on a large
amount of historical data, and the reactive power capa-
bility, voltages, safety regions of the wind power gener-
ation site can be managed in real time, to facilitate ob-
servation of an on-site voltage reactive power control ef-
fect by the user. In addition, a control command and a
large amount of failure analysis historical data may be
issued based on a real-time waveform, a site reactive
power capability and safety regions.
[0054] In the embodiment of the present disclosure, all
application sites may have uniform versions of VMP soft-
ware and hardware, thereby facilitating maintenance and
upgrading.
[0055] With the embodiment of the present disclosure,
a total construction investment for centralized reactive
power compensation devices by a customer may be
greatly reduced in an application of a wind power gener-
ation site to be newly constructed, and power consump-
tions of the reactive power compensation devices may
be greatly reduced in an application of a constructed wind
power generation site.
[0056] Besides, a reactive power control system for a
wind power generation site is provided according to an
embodiment of the present disclosure. The system may
include: at least one wind power generator set arranged
on an aggregate line; the above control device 200 con-
nected to the at least one wind power generator set via
a communication line; a reactive power compensation
device communicatively connected to the at least one
wind power generator set and the control device; and a
data acquisition device, configured to acquire an electri-
cal quantity parameter of a preset control point and con-

nected to the control device 200 via a communication line.
[0057] It can be understood that, the reactive power
control system may further include devices such as a
computer, a server and an auxiliary electric power device.
For example, auxiliary electric power device is a switch,
a gateway and a cable.
[0058] Figure 5 is a schematic flowchart of a reactive
power control method according to an embodiment of
the present disclosure.
[0059] The above control device 200 may serve as an
implementation subject of the control method to perform
the following steps. It can be understood that, the imple-
mentation subject of the control method may be other
function units or function modules, which is not limited
herein.
[0060] As shown in Figure 5, in S510, a reactive power
requirement command is received and a reactive power
command value M1 is acquired based on the reactive
power requirement command.
[0061] In S520, an electrical quantity parameter of a
preset control point is acquired and a reactive power cal-
culated value M2 of the preset control point is calculated
based on the electrical quantity parameter.
[0062] In the embodiment, the electrical quantity pa-
rameter of the present control point may be acquired by
in a hardwired manner. Particularly, a PT signal and a
CT signal of the control point may be respectively ac-
quired with PT and CT.
[0063] In S530, a difference ΔM between the reactive
power command value M1 and the reactive power cal-
culated value M2 is calculated.
[0064] In the embodiment, the above calculation is a
subtraction operation.
[0065] In S540, a target reactive power value is ob-
tained based on the difference ΔM.
[0066] In S550, the difference ΔM is compared with a
preset dead band value.
[0067] In the embodiment, the above comparison may
be a difference comparison.
[0068] In S560, a reactive power allocation strategy is
generated based on the comparison result and the target
reactive power value.
[0069] The reactive power allocation strategy may be
used for calculating a reactive power capability value of
a regulatable reactive device in a wind power generation
site and allocating reactive power to be provided by the
regulatable reactive device. The regulatable reactive de-
vice may include a wind power generator set and a re-
active power compensation device. The reactive power
compensation device may include at least one of: a pho-
tovoltaic inverter, a capacitor, a static var compensator
SVC and a static var generator SVG.
[0070] In S570, based on the reactive power allocation
strategy, it is sent to the regulatable reactive device a
command for indicating the regulatable reactive device
to generate the allocated reactive power.
[0071] In the embodiment of the present disclosure,
the difference between the reactive power command val-

11 12 



EP 3 376 625 A1

8

5

10

15

20

25

30

35

40

45

50

55

ue M1 and the reactive power calculated value M2 is
calculated. The difference is compared with the preset
dead band value to generate the reactive power alloca-
tion strategy. Then, the reactive power control is per-
formed based on the reactive power allocation strategy.
Multiple types of coordinated control are achieved by in-
formation interaction between the control device and the
control object. In this case, the regulation capability of
the regulatable reactive device in the wind power gener-
ation site is fully and effectively utilized, thereby reducing
the power loss, improving the output of the wind power
generation site and increasing the power generation ben-
efits.
[0072] In the embodiment, the step of generating the
reactive power allocation strategy may include S261 to
S263.
[0073] In S261, the difference ΔM is compared with a
first preset dead band value.
[0074] In S262, if the difference ΔM is greater than the
first preset dead band value, a first reactive power capa-
bility value N1 of one or more wind power generators of
the wind power generation set is calculated.
[0075] In S263, reactive power to be provided by the
one or more wind power generators is allocated based
on the target reactive power value and the first reactive
power capability value N1.
[0076] An application scenario of this embodiment may
be that, the wind in a wind power generation site is strong,
a wind power generator meets the above safety con-
straint condition, a required regulation amount is within
a safety boundary of the wind power generator, and a
wind power generator set can complete an assigned task.
In this case, control may be performed in the manner
described in the embodiment.
[0077] The preset dead band value may indicate a volt-
age fluctuation. The preset dead band value may be set
as needed. For example, the first preset dead band value
is 3% of a target value, that is, a control is needed in the
case that the voltage fluctuation reaches 3%.
[0078] Therefore, a reactive power capability of the
wind power generator can be released maximally in the
embodiment. Following content is indicated by data ob-
tained in a large quantity of experiments.
[0079] In the case of a steady operation of the wind
power generation site, the wind power generator can pro-
vide reactive power for 33% of installed capacity of the
wind power generation site. In the case that the system
is in a low-voltage ride-through state, the wind power
generator can maximally provide a reactive current sup-
port for 100% of the rated current of the wind power gen-
erator. In the case of the steady operation of the wind
power generation site, the centralized reactive power
compensation output may be reduced and even can-
celed, thereby reducing the power consumption and im-
proving the overall benefits of the wind power generation
site.
[0080] Taking a wind power generation site with fifty
thousands installed capacity in which all wind power gen-

erators are GW1.5MW wind power generators, as an ex-
ample, in the case of the steady operation of the wind
power generation site, reactive power compensation ca-
pacity provided by all of the wind power generators is in
a range from -16500kVvar to +16500kVvar. In the case
that a low-voltage fault occurs in the wind power gener-
ation site, each of the wind power generators can maxi-
mally provide capacitive reactive current of 1500A during
the fault. A response time duration of the reactive current
of the wind power generator may be shorter than 50ms.
[0081] As a variant of the embodiment of generating
the reactive power allocation strategy, S264 to S266 may
be added based on S261 to S263.
[0082] In S264, the difference ΔM is compared with a
second preset dead band value which is greater than the
first preset dead band value.
[0083] In S265, a second reactive power capability val-
ue N2 of the reactive power compensation device is cal-
culated if the difference ΔM is greater than the second
preset dead band value.
[0084] In S266, reactive power to be provided by the
reactive power compensation device is allocated based
on the target reactive power value and the second reac-
tive power capability value N2.
[0085] An application scenario of the embodiment may
be that, the wind in a wind power generation site is nor-
mal, and devices such as a wind power generator and
SVG meet the above safety constraint condition. In this
case, control may be preformed in the manner in this
embodiment.
[0086] As another variant of the embodiment of gen-
erating the reactive power allocation strategy, S267 to
S268 may be added based on S264 to S265.
[0087] In S267, the difference ΔM is compared with a
third preset dead band value which is greater than the
second preset dead band value.
[0088] In S268, if the difference ΔM is greater than the
third preset dead band value, reactive power to be gen-
erated by the wind power generator set and reactive pow-
er to be generated by the reactive power compensation
device is allocated based on the target reactive power
value, the first reactive power capability value N1 and
the second reactive power capability value N2.
[0089] An application scenario of the embodiment may
be that, the wind in the wind power generation site is
weak, a wind power generator does not meet the above
safety constraint condition, a required regulation amount
is not within a safety boundary of the wind power gener-
ator, and a wind power generator set can not complete
an assigned task. In this case, control may be performed
in the manner described in this embodiment.
[0090] Figure 6 is a schematic flowchart of a reactive
power control method according to another embodiment
of the present disclosure.
[0091] As shown in Figure 6, the control method may
include S601 to S607.
[0092] In S601, a reactive power requirement com-
mand is received.
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[0093] The command may be sent from a scheduling
device or may be locally sent by the control device 200.
In the following, three cases are described in detail. For
example, in the case of a voltage control mode, a voltage
requirement command V is received; in the case of a
reactive power control mode, a reactive power require-
ment command Q is received; and in the case of a power
factor control mode, a power factor requirement com-
mand Cos is received.
[0094] In S602, a CT/PT secondary circuit acquisition
signal of a preset control point is acquired.
[0095] An acquired basic signal includes a voltage val-
ue and a current value, and electrical quantity parameters
for the respective control modes may be acquired by cal-
culating based on the voltage value and current value.
[0096] In S603, V, Cos and Q of acquisition points are
calculated.
[0097] For example, V of the acquisition point is calcu-
lated in the case of the voltage control mode, Q of the
acquisition point is calculated in the case of the reactive
power control mode, and Cos of the acquisition point is
calculated in the case of the power factor control mode.
[0098] In S604, a target reactive power value meeting
the requirement of the command is calculated
[0099] In S605, performing a constraint with a safety
constraint condition.
[0100] In S606, reactive power to be allocated is cal-
culated with a reactive power allocation algorithm.
[0101] In S607, reactive power to be generated by the
wind power generator set or other reactive power sources
(i.e., the above regulatable reactive device) is allocated.
[0102] In the embodiment, the reactive power control
method may include a remote control manner and a local
control manner. Each of the two control manners includes
three control modes: a voltage control mode, a reactive
power control mode and a power factor control mode.
[0103] In an optional embodiment, the control method
may further includes:

presetting a voltage control mode;

where, in the voltage control mode, the reactive pow-
er command value M1 is a voltage command value
UCMD, the electrical quantity parameter is a voltage
U, the difference ΔM is a voltage ΔU, and the voltage
ΔU is a difference between the voltage command
value UCMD and the voltage U..

[0104] In the case that the control point is in the voltage
mode, a reactive power is calculated with following for-
mula:

where X represents a system impedance and UCMD is
a voltage command value.

[0105] In another optional embodiment, the control
method may further include:

presetting a reactive power control mode;

where, in the reactive power control mode, the elec-
trical quantity parameter includes a voltage U and a
current I, and the reactive power calculated value
M2 is reactive power Q which is calculated based on
the voltage U and the current I.

[0106] The reactive power control is a closed-loop con-
trol. The system may detect the reactive power command
issued by the scheduling device, calculate reactive power
of a grid-connected point based on the acquired voltage-
current command of the control point, and perform ad-
justment if a difference between the reactive power com-
mand value and the calculated reactive power value is
greater than a dead band value, to ensure an accuracy
of the control.
[0107] In anther optional embodiment, the control
method may further include:

presetting a power factor control mode;

where, in the power factor control mode, the electri-
cal quantity parameter includes a voltage U and a
current I, and the reactive power calculated value
M2 is reactive power Q which is calculated by steps
of:

calculating active power P of the preset control
point and a phase difference Φ between the volt-
age U and the current I, based on the voltage U
and the current I; and

calculating the reactive power Q based on the
active power P and the phase difference Φ.

[0108] Strategy of the power factor control is similar to
the strategy of the voltage control. In the case that the
control point is in the power factor mode, the power factor
control is similar, and a reactive power is calculated with
following formula: 

where "command" is a control command issued by a re-
mote terminal or a local terminal.
[0109] Reactive power sources (such as wind power
generator and centralized reactive power compensation
device) of the wind power generation site may be cen-
tralizedly controlled and regulated by selecting different
control modes. In each of the control modes, a target
reactive power value can be obtained by conversion via
a reasonable control algorithm, while all safety constraint
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conditions (of which content is described hereinafter) are
considered. Different control commands of different re-
active power sources are formed with an inner reactive
power allocation strategy, and the control point is detect-
ed and is compared with the target value in real time to
obtain a difference between the control point and the tar-
get value, in this way, a closed-loop control is formed.
[0110] Response conditions of the reactive power con-
trol strategy may include:

1. |command value-calculated value|> preset dead
band value;

2. VMP system having no alarm;

3. VMP system being operating; and

4. voltage and frequency of the power grid are in a
normal operation range.

[0111] In addition, control priorities of wind power gen-
erators and reactive power compensation devices in a
wind power generation site may be selected based actual
cases and scheduling requirements of the wind power
generation site. For example, it may be selected a first
control priority, a second control priority and a third con-
trol priority.
[0112] In the first control priority, it is controlled with
priority of taking a self reactive power capability of a wind
power generator as main reactive power compensation
for the wind power generation site, and a reactive power
capability of a reactive power compensation device such
as SVG is taken as a backup.
[0113] In the second control priority, it is controlled with
priority of taking the reactive power capability of SVG as
main reactive power compensation for the wind power
generation site, and the reactive power capability of a
wind power generator set is taken as a backup.
[0114] In the third control priority, reactive power of the
SVG and the wind power generator are controlled simul-
taneously to allocate reactive power to be provided by
the wind power generator and SVG according to a certain
principle.
[0115] The following cases are generally considered
in selecting the control priority.
[0116] In a first case, the wind in a wind power gener-
ation site is strong, a wind power generator meets the
above safety constraint condition, a required regulation
amount is within a safety boundary of the wind power
generator, and a wind power generator set can complete
an assigned task. In this case, the first control priority
may be selected to perform control.
[0117] In a second case, the wind in the wind power
generation site is weak, a wind power generator does
not meet the above safety constraint condition, a required
regulation amount is not within a safety boundary of the
wind power generator, and a wind power generator set
can not complete an assigned task. In this case, the sec-

ond control priority is selected to perform control.
[0118] In a third case, the wind in a wind power gen-
eration site is normal, and devices such as a wind power
generator and SVG meet the above safety constraint
condition. In this case, the third control priority may be
selected to perform control.
[0119] In an optional embodiment, S280 to S290 may
be added based on the above embodiments.
[0120] In S280, a safety constraint condition is ac-
quired.
[0121] In S290, a reactive power allocation strategy is
generated based on the safety constraint condition, the
comparison result and the target reactive power value.
[0122] The safety constraint condition includes at least
one of: a voltage limit constraint of the preset control
point; a voltage abrupt change amount constraint of the
preset control point; a terminal voltage constraint of the
wind power generator; a maximum reactive power capa-
bility and available reactive power capability constraint
of the wind power generator; a temperature constraint of
a converter of the wind power generator; and a maximum
reactive power compensation capability constraint of the
reactive power compensation device.
[0123] Therefore, with the embodiment, it is ensured
that the wind power generator set and the wind power
generation site operate safely and steadily, and the safe-
ty of the reactive power compensation device is ensured.
[0124] In an optional embodiment, S2100 to S2120
may be added based on the above embodiments.
[0125] In S2100, operation data in a reactive power
control process is acquired in real time.
[0126] In S2110, the operation data acquired in real
time is analyzed and displayed in real time.
[0127] In S2120, the data displayed in real time is mon-
itored.
[0128] The device and system for controlling reactive
power in the wind power generation site according to the
embodiments of the present disclosure may correspond
to implementation subject in the method for controlling
reactive power in the wind power generation site accord-
ing to the embodiments of the present disclosure. The
device and system can perform steps of the control meth-
od, and are not described hereinafter for simplicity. In
several embodiments according to the present applica-
tion, it should be understood that the disclosed system,
device and method can be implemented in other ways.
For example, the device embodiments described above
are merely schematic, the division of the units is merely
a logic functional division, and there may be other divi-
sions in practice. For example, multiple units or compo-
nents can be combined, or can be integrated into another
system, or some features can be ignored, or not be ex-
ecuted. In addition, the coupling, direct coupling or com-
munication connection between components which are
shown or discussed may be indirect coupling or commu-
nication connection via some interfaces, devices or units,
which may be electrical, mechanical, or in other form.
[0129] Specific embodiments of the present disclosure
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are disclosed as described above, the scope of protection
of the present disclosure is not limited thereto. Various
equivalent changes and alteration which may be thought
by those skilled in the art in the technical scope disclosed
by the present disclosure should fall within the scope of
protection of the present disclosure.

Claims

1. A reactive power control device, comprising:

a communication interface, configured to re-
ceive a reactive power requirement command;
an input interface, configured to acquire an elec-
trical quantity parameter of a preset control
point;
a strategy calculation module, configured to cal-
culate a target reactive power value meeting the
reactive power requirement command based on
the electrical quantity parameter, and allocate
reactive power to be provided by a regulatable
reactive device based on the target reactive
power value; and
an output interface, configured to send a com-
mand for providing the allocated reactive power
to the regulatable reactive device.

2. The device according to claim 1, wherein the regu-
latable reactive device comprises a wind power gen-
erator set and a reactive power compensation de-
vice.

3. The device according to claim 2, wherein the reactive
power compensation device comprises at least one
of: an inverter, a capacitor, a static var compensator
SVC and a static var generator SVG, in a new energy
site.

4. The device according to claim 2, further comprising:
a safety limit control module, configured to set a safe-
ty constraint condition for voltage control and send
a safety control command to the strategy calculation
module, wherein the safety control command is used
for instructing the strategy calculation module to
make the safety constraint condition be met in allo-
cating the reactive power.

5. The device according to claim 4, wherein the safety
constraint condition comprises at least one of:

a voltage limit constraint of the preset control
point;
a voltage abrupt change amount constraint of
the preset control point;
a terminal voltage constraint of the wind power
generator set;
a maximum reactive power capability and avail-

able reactive power capability constraint of the
wind power generator set;
a temperature constraint of a converter of the
wind power generator set; and
a maximum reactive power compensation ca-
pability constraint of the reactive power compen-
sation device.

6. The device according to claim 1, further comprising:
a control mode module, configured to provide at least
one of a voltage control mode, a reactive power con-
trol mode and a power factor control mode, in a local
control manner or a remote control manner.

7. The device according to claim 6, further comprising:

a voltage control module, configured to select
the voltage control mode; wherein
the communication interface is further config-
ured to receive a voltage requirement command
under the voltage control mode; and
the input interface is further configured to ac-
quire a voltage parameter of the preset control
point under the voltage control mode.

8. The device according to claim 6, further comprising:

a reactive power control module, configured to
select the reactive power control mode; wherein
the communication interface is further config-
ured to receive a reactive power requirement
command under the reactive power control
mode; and
the input interface is further configured to ac-
quire a reactive power parameter of the preset
control point under the reactive power control
mode.

9. The device according to claim 6, further comprising:

a power factor control module, configured to se-
lect the power factor control mode; wherein
the communication interface is further config-
ured to receive a power factor requirement com-
mand under the power factor control mode; and
the input interface is further configured to ac-
quire a power factor parameter of the preset con-
trol point under the power factor control mode.

10. The device according to claim 6, wherein,
in the local control manner, an interface point be-
tween a main transformer and a low-voltage side bus
in a new energy site is determined as the preset con-
trol point; and
in the remote control manner, an interface point be-
tween the main transformer and a high-voltage side
bus in the new energy site is determined as the pre-
set control point.
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11. The device according to any one of claims 1 to 10,
wherein the input interface is further configured to
input the electrical quantity parameter of the preset
control point which is acquired in a hardwired man-
ner.

12. A reactive power control system, comprising:

at least one wind power generator set arranged
on an aggregate line;
the control device according to any one of claims
1 to 11, connected to the at least one wind power
generator set via a communication line;
a reactive power compensation device commu-
nicatively connected to the at least one wind
power generator set and the control device; and
a data acquisition device, configured to acquire
an electrical quantity parameter of a preset con-
trol point and connected to the control device
via a communication line.

13. A reactive power control method, comprising:

receiving a reactive power requirement com-
mand and acquiring a reactive power command
value M1 based on the reactive power require-
ment command;
acquiring an electrical quantity parameter of a
preset control point and calculating a reactive
power calculated value M2 of the preset control
point based on the electrical quantity parameter;
calculating a difference ΔM between the reactive
power command value M1 and the reactive pow-
er calculated value M2;
obtaining a target reactive power value based
on the difference ΔM;
comparing the difference ΔM with a preset dead
band value;
generating a reactive power allocation strategy
based on the comparison result and the target
reactive power value, wherein the reactive pow-
er allocation strategy is used for calculating a
reactive power capability value of a regulatable
reactive device in a wind power generation site
and allocating reactive power to be provided by
the regulatable reactive device; and
sending a command, for indicating the regulat-
able reactive device to generate the allocated
reactive power, to the regulatable reactive de-
vice, based on the reactive power allocation
strategy.

14. The method according to claim 13, wherein the reg-
ulatable reactive device comprises a wind power
generator set and a reactive power compensation
device.

15. The method according to claim 14, wherein the re-

active power compensation device comprises at
least one of: an inverter, a capacitor, a static var com-
pensator SVC and a static var generator SVG, in a
new energy site.

16. The method according to claim 14, wherein the gen-
erating the reactive power allocation strategy com-
prises:

comparing the difference ΔM with a first preset
dead band value, and if the difference ΔM is
greater than the first preset dead band value,
calculating a first reactive power capability value
N1 of the wind power generator set; and
allocating reactive power to be provided by the
wind power generator set based on the target
reactive power value and the first reactive power
capability value N1.

17. The method according to claim 16, wherein the gen-
erating the reactive power allocation strategy further
comprises:

comparing the difference ΔM with a second pre-
set dead band value which is greater than the
first preset dead band value;
calculating a second reactive power capability
value N2 of the reactive power compensation
device if the difference ΔM is greater than the
second preset dead band value; and
allocating reactive power to-be-provide by the
reactive power compensation device based on
the target reactive power value and the second
reactive power capability value N2.

18. The method according to claim 17, wherein the gen-
erating the reactive power allocation strategy com-
prises:

comparing the difference ΔM with a third preset
dead band value which is greater than the sec-
ond preset dead band value; and
if the difference ΔM is greater than the third pre-
set dead band value, allocating reactive power
to be provided by the wind power generator set
and reactive power to be provided by the reac-
tive power compensation device, based on the
target reactive power value, the first reactive
power capability value N1 and the second reac-
tive power capability value N2.

19. The method according to claim 13, comprising:

presetting a voltage control mode;
wherein, in the voltage control mode, the reac-
tive power command value M1 is a voltage com-
mand value UCMD, the electrical quantity pa-
rameter is a voltage U, and the difference ΔM is
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a voltage ΔU which is a difference between the
voltage command value UCMD and the voltage
U.

20. The method according to claim 13, comprising:

presetting a reactive power control mode;
wherein, in the reactive power control mode, the
electrical quantity parameter comprises a volt-
age U and a current I, and the reactive power
calculated value M2 is reactive power Q which
is calculated based on the voltage U and the
current I.

21. The method according to claim 13, further compris-
ing:

presetting a power factor control mode;
wherein, in the power factor control mode, the
electrical quantity parameter comprises a volt-
age U and a current I, and the reactive power
calculated value M2 is reactive power Q which
is calculated by steps of:

calculating active power P of the preset con-
trol point and a phase difference Φ between
the voltage U and the current I, based on
the voltage U and the current I; and
calculating the reactive power Q based on
the active power P and the phase difference
Φ.

22. The method according to any one of claims 13 to 21,
wherein the acquiring the electrical quantity param-
eter of the preset control point comprises: acquiring
the electrical quantity parameter of the preset control
point in a hardwired manner.

23. The method according to claim 15, wherein,
in a local control manner, an interface point between
a main transformer and a low-voltage side bus in a
new energy site is determined as the preset control
point; and
in a remote control manner, an interface point be-
tween the main transformer and a high-voltage side
bus in the new energy site is determined as the pre-
set control point.

24. The method according to claim 15, further compris-
ing:

pre-acquiring a safety constraint condition; and
generating the reactive power allocation strate-
gy based on the safety constraint condition, the
comparison result and the target reactive power
value.

25. The method according to claim 24, wherein the safe-

ty constraint condition comprises at least one of:

a voltage limit constraint of the preset control
point;
a voltage abrupt change amount constraint of
the preset control point;
a terminal voltage constraint of the wind power
generator set;
a maximum reactive power capability and avail-
able reactive power capability constraint of the
wind power generator set;
a temperature constraint of a converter of the
wind power generator set; and
a maximum reactive power compensation ca-
pability constraint of the reactive power compen-
sation device.
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